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Physiological responses to salinity increases in the freshwater
silversides Odontesthesbonariensisand O.hatcheri(Pisces, Atherinidae)












(Hubbset ai., 1971;Bamber& Henderson,1988;
















of stab1esurvivalrates under stressconditions
(Murayamaetai., 1977;Umezawa& Nomura,1984;













commonlyemployedto raise salinity during
husbandrypracticesofthesespecies.Thus,therewas
also an interestin the elucidationof the relation
betweenNaClandimprovedperformance.Thestudy
consistedof the ana1ysisof survivaland blood







lengthof 16.1em)ando. hatcheri(27.8g and18.1





















NaCl (increasesof 0.5% NaClperday),byaddition







3, 9, 24and168h afierthesalinityincrease(orthe
attainmentof the fmal salinitylevelsin gradualIy
acclimatedgroups).For thi~purpose,fish were
quicklyanesthetized(0.5mUI- 2ftphenoxyethanol),










(WescorInc.), cr and Na+,with an ion meter
(ShimadzuCIM-I04A). Becausep@jerreyof thesize
employedin thisstudyhavelittleblood(only0.3-0.4
ml can be takenfTom one individual),ít was






















with differentconcentrationsof NaCl insteadof
seawater,theresultssuggesta toleranceto a wide
rangeofsalinities.Thismightindicatethatsub-adults






andatO% NaCl in o. bonariensis,wherecr levels
weresomewhatlowerthanatothersalinities(Fig.1).
Decreasesandincreasesin plasmacr alsooccurred
duringrecoveryafierstressat O and3.0% NaCl,
respectively,in sub-adultsof stripedbassMorone
saxatilis (Cech et aI., 1996). Higher plasma
osmolality,Na+ or cr withincreasingwatersalinity
\.Vasalsoobservedin otherspecieswhenindividuaIs





cr returnedto basallevelswithin 1 weekin the
formerbutnotinthelatterspecies.
Hematocritvaluesvariedwidely,particularly
in o. hatcheri,precludingan accuratecomparison
betweensalinitiesand species.However,values
seemedto be lower in o. bonariensisthanin o.
hateheriandtovarygrosslyin inverseproportionto
salinityin bothspecies(Fig. 1).The lowestvalues
wereobtainedin animaIsat3.0% NaCljustbefore
100 % mortality.A similartrendof decreased
hematocritvalue witb increasingsalinity was












and1,0% NaCl in O. bonariensisando. hateheri,
respectively,comparedto othersalinities(Fig. 1).
LQwel,'cortisolevelsmightsuggesteithera natural
































































































~ 0% NaCI [!iJ 0.5% NaCI A 1.0% NaCI V 2.0 % NaCI ~ 3.0 % NaCI
Fig. 1.PlasmaNa+,cr andosmolality,hematocritandplasmacortisolin sub-adultsof Odontesthes
bonariensisando. hatcheriduringexposuretosalinitiesofO-3.0%NaCl.Cortisolvaluesfor
O. bonariensisat3h for0.5and1.0% NaCI couldnotbeincluded ueto problemsduring
analysis.
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in tresh water (Mazeaud& Mazeaud, 1981;
Wedemeyeret aI., 1990),highcortisolevelscould
precipitateandJor potentiate osmoregu1atory







the presentstudycouldbe an indicationthatO.
bonariensisando. hatcheriarenottrulyadaptedtoO
% salinity.Thishypothesis supportedbyevidence
that the familyAtherinidae,which is considered
primari1ya marinecoastalgroup,only recent1y
invaded treshwaterenvironrnents(Bamber &
Henderson,1988).In fact,many species of the
genusOdontesthesthatare regardedas treshwater
speciescan be foundin brackishwaterssuchas




with the 1ackof differencesin salinityto1erance
betweensub-adultstransferredgraduallyor abrupt1y
to different sa1initiesin this study,as well as in
larvaeandjuvenilesasreportedby Tsuzuki(1999)
and Tsuzukiet aI. (2000a).Thislackof difference
seemsto becoherentwith a naturalability of
these speciesto cope with short-term,abrupt








occursin low sa1inities.The resultsalso raisea
questionon theadequacyof treshwater,especially
duringsituationsof stress,for therearingof both
speciesandpointto a possibleeffectof salinityon
plasmacortisol1eve1s.Ongoingresearchshouldhe1p
clarifYthepointsraisedinthisstudyandelucidatethe
physiologicalroles of salts in the promotionof
survivaland in the reductionof stress-induced
osmoticandionicimbalances.
Acknowledgements
We thankthe staffof the InlandWater
Fisheries Experimental Station, Kanagawa
PrefectureFisheriesResearchCenter,for support
and for providingthe materiaIsand accessto
facilitiesfor this study.We a1sothankDr. Jiro
KoyamaandDr. MasashiMaitafor assistancewith
ion andcortiso1measurements.We appreciatedthe







Abo Hegab,S. A. & Hanke, W. 1984.The
significanceofcortiso1forosmoregu1ationin carp
(Cyprinuscarpio) and tilapia (Sarotherodon
mossambicus).Gen. Comp. Endocrinol.,
54(3):409-417.
Altinok,1.;Galli, S. M. & Chapman,F. A. 1998.
Ionic and osmoticregulationcapabilitiesof
juvenileGulf of Mexico sturgeon,Acipenser
oxyrinchusde sotoi.Comp.Biochem.Physiol.,
120A(4):609-616.




Bamber,R. N. & Henderson,P. A. 1988.Pre-
adaptiveplasticityin atherinidsandtheestuarine
seatofteleostevolution.J FishBiol.,33:17-23.
Barton,B. A. & Iwama,G. K. 1991.Physiological
changesin fish tromstressin aquacu1turewith
emphasison the responseand effects of
corticosteroids.Annu.Rev.FishDis.,1:3-26.




Bonetto,A. A. & Castello,H. B. 1985.Pescay
pisciculturaen aguascontinentalesde America
Latina.Washington,OEA. 118p.
CechJr., J. J.; Bartho10w,S. D.; Young,P. S. &
Hopkins,T. E. 1996.Stripedbassexerciseand
handling stress in treshwater:physiological
responsesto recoveryenvironrnent.Trans.Am.
Fish.Soe.,125(2):308-320.
TSUZUKI etai.:Physiologiealresponsesof atherinidfishtosalinity 85





Hubbs,C.; Sharp,H. B. & Schneider,1. F. 1971.
Deve10pmenta1r tesof Menidia audenswith





Mazeaud,M. M. & Mazeaud,F. 1981.Adrenergic
responsestostressinfish.10:Pickering,A D.,ed.
Stressandfish.London,AcademiePress.p.49-75.
Middaugh,D. P.; Hemmer,M. J.; Shenker,1.M. &
Takita,T. 1990.Laboratorycultureofjacksmelt,




Morgan,1. D. & Iwama,G. K 1991.Effectsof
salinityongrowth,metabolism,andionregulation













Nikinrnaa,M.; Soivio,A; Nakari,T. & Lindgren,S.




Strüssmann,c. A; Moriyama,S.; Hanke,E. F.;
Ca1sinaCota, 1. C. & Takashima,F. 1996.
Evidenceof thermolabi1es x determinationi
pejerrey.1.FishBiol.,48(4):643-651.
Strüssmann,c. A; Akaba,T.; Ijima,K; Yamaguchi,





hatcheri (Eigenmann1909). Aquac. Res.,
28(4):291-300.









at different salinities. 1. Appl. IchthYol.,
16(3):126-130.
Tsuzuki,M. Y. Ogawa,K; Strüssmann,C. A.; Maita,
M. & Takashima,F. 2000b. Physiological
responsesduringstressandsubsequentrecovery
at different salinities in adult pejerrey
Odontesthesbonariensis.Aquaculture(inpress).









Wedemeyer,G. A; Barton,B. A & McLeay,D. 1.
1990.Stressandacclimation.10:Schreck,C. B. &
Moy1e,P. B., eds.Methodsfor fish bio10gy.
Bethesda,AmericanFisheriesSociety. p. 451-
489.
(Manuscriptreceived29July 1999;revised
24April2000;accepted29 June2000)
